Summary: After injection of lead nitrate or lanthanum nitrate into the tibialis anterior muscle of mice, distribution of both metal cations in the neuromuscular junction and the muscle fiber was examined by electron microscopy. The deposits of both metal cations were found in the synaptic clefts and the junctional folds. A selective deposit of lead was found in the L-systems of the sarcoplasmic reticulum which are localind near the neuromuscular junction, whereas lanthanum deposited selectively in the T-systems of the sarcopasmic reticulum along the entire length of the muscle fiber. The connecting tubules were demonstrated between junctional folds and the L-system or T-system by use of lead or lathanum ions as tracers respectively. These results suggest the direct connection between the junctional folds and L-system of the sarcoplasmic reticulum.
Summary: After injection of lead nitrate or lanthanum nitrate into the tibialis anterior muscle of mice, distribution of both metal cations in the neuromuscular junction and the muscle fiber was examined by electron microscopy. The deposits of both metal cations were found in the synaptic clefts and the junctional folds. A selective deposit of lead was found in the L-systems of the sarcoplasmic reticulum which are localind near the neuromuscular junction, whereas lanthanum deposited selectively in the T-systems of the sarcopasmic reticulum along the entire length of the muscle fiber. The connecting tubules were demonstrated between junctional folds and the L-system or T-system by use of lead or lathanum ions as tracers respectively. These results suggest the direct connection between the junctional folds and L-system of the sarcoplasmic reticulum. Csillik (1958, 1959) found histochemically that lead ions bound to the neuromuscular junctions following intramuscular injection of lead nitrate solution or immersion of freshly excised muscle into the same solution. In our previous study (Nakamura et al. 1967) , it was shown that other divalent metal cations such as stannous, cadmium, zinc, and cupric ions also bound to the neuromuscular junctions in a similar manner to lead ions.
There are only few reports (Zacks et al. 1961 , Csillik 1965 ) about the electron microscopic investigation on the lead-binding sites in the neuromuscular junction. Furthermore, there is a discrepancy between them concerning the location of the lead desposition.
The primary purpose of the present study was to investigate the exact localization of lead in the neuromuscular junction by use of electron microscopy, following intramuscular injection of the ions. During this study, a connection between the junctional folds of the neuromuscular junction and the longitudinal system (L-system) of the sarcoplasmic reticulum was found as well by the aid of lead as a tracer. This connection has not been reported so far, although the connection between the junctional folds and the other component of the sarcoplasmic reticulum, namely, the transverse component (T-system) termed by Robertis et al. (1975) , was demonstrated with the aid of lanthanum ions (Zacks and Saito 1970) .
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In this study, therefore, a special attention was paid to demonstrate connections between the junctional folds and the sarcoplasmic reticulum, in addition to investigate the localization of lead as well as lanthanum in the neuromuscular junction after intramuscular injection of both metal ions.
Preliminary reports of this investigation have been published in abstract form (Nakamura 1979 , Nakamura et al. 1980 ).
Materials and Methods
The tibialis anterior muscle from adult mice were used in the present investigation.
Light microscopy. The histochemical demonstration of binding of lead ions to neuromuscular junctions was based on the procedure in our previous paper (Nakamura et g. 1967) . Mice were anesthetized by intraperitoneal injection of pentobarbital sodium, and the tibialis anterior muscle was exposed. Approximately 0.2 ml of 4% lead nitrate solution in 0.9% NaC1 was injected into the muscle by a 27-gauge needle inserted in the distal third of the muscle along the distal tendon, and during the injection, the needle was moved proximally toward the middle third of the muscle, where the neuromuscular junctions are located. The muscle was removed 30 minutes after injection, and then frozen longitudinal sections of the muscle of 30 pm thickness were made by a cryostat. Subsequent procedures are similar to those in our previous paper (Nakamura et al. 1967) .
In order to demonstrate neuromuscular junctions by the activity of the acetylcholinesterase, a thiocholine method of Karnovsky and Roots (1964) was used. Fresh frozen longitudinal sections of the muscles of 30 pm thickness were made by a cryostat. In order to prevent artificial contraction of the muscle fiber during the thawing of the frozen section, cover slips coated with EDTA-agar were used (Nakamura et al. 1979 ). Subsequent procedure for the demonstration of the acetylcholinesterase activity is the same as that in the previous paper (Nakamura et al. 1979) .
Electron microscopy. For electron microscopy, the specimens were removed from the surface layer of the middle third of the tibialis anterior muscle 30 minutes after intramuscular injection of 4% lead nitrate or 1% lanthanum nitrate solution as descrived above, in addition to the control muscle. Small pieces of muscle were fixed in phosphate-buffered 2% paraformaldehyde, 0.25% glutaraldehyde and 1% Os04 mixture for 2 hrs at 4°C. After dehydration in graded ethanol solutions, the specimens were embedded in Epon 812. Ultrathin sections were stained with uranyl acetate and lead citrate (Sato 1967) , and were examined with an HU-12 electron microscope. In order to discriminate the lead-binding sites as well as lanthanum-binding sites from the electron dense structures appeared after the fixation with 0504 or heavy metal staining, some sections were prepared without the osmification and staining.
Results

I. Light microscopy.
In sections of the tibialis anterior muscle of mice which received an intramuscular injection of lead nitrate, oval-shaped structures showing arborization within them were seen as brown-black deposits of lead sulfide ( Fig. 1 ). Their sizes, structures and distributions were quite similar to those of neuromuscular junctions demonstrated by the technique of acethylcholinesterase activity (Fig. 2) . Therefore, it is likely that lead ions are preferentially deposited in the neuromuscular junctions.
II. Electron microscopy.
In the electron micrographs of the neuromuscular junctions of the control muscle, axon terminals are filled with synaptic vesicles and oppose to the sarcolemma, with an intervenning gap (about 500 A wide), i.e. the synaptic cleft, between them (Figs. 3, 4 ). There found well-developed junctional folds formed by the invagination of the sarcolemma into the sarcoplasm (Figs. 3, 4 ). Many minute tubules (about 200 to 400 A in diameter) with irregular courses are distributed in the subjunctional sarcoplasm (Fig. 4) .
In the electron micrographs of the neuromuscular junctions, obtained from mice which received an injection of lead nitrate and prepared without osmification and staining as described above, electron dense deposits due to lead ions were visible in the synaptic clefts, junctional folds and nuclear envelops of the nuclei located in the subjunctional sarcoplasm (Figs. 5, 6 ). Owing to the high electron density of the lead deposits, it was easy to identify the lead deposits even in the section treated with osmification and staining (Figs. 7, 8) . A few deposits of lead was seen within the axon terminals and no deposit was noticed within the nuclei (Figs. 5, 6 ). In addition to these sites of lead deposits, there found lead deposits in the minute tubules (about 200 to 400 A in diameter) which are scattered in the subjunctional sarcoplasm (Figs. 5-8 ). The connection between the minute tubules and the nuclear envelope was frequently seen (Fig. 6 ).
There found occasionally narrow tubules (about 200 A in diameter) extending from the bottom or the trunk of the junctional folds to the sarcoplasm (Figs. 7, 8 ). The connection of these narrow tubules with the minute tubules scattered in the subjunctional sarcoplasm was occasionally seen (Fig. 8) . From these findings, these narrow tubules were termed 'Connecting tubules'.
It was also found that the L-system of the sarcoplasmic reticulum, located near the neuromuscular junction, were filled with lead ions (Fig. 9) . On the other hand, no lead was deposited in the T-system of the sarcoplasmic reticulum (Fig. 9) . Near the junction of the A-and 1-band, there found so-called triad, which is consisted of a slender T-system component interposed between two L-system components of the sarcoplasmic reticulum, that are called terminal cisternae (Figs. 9-11 ). The terminal cisternae of the triad were filled with lead ions, and on the contrary, the T-system tubule of the triad was entirely devoid of the lead deposit (Figs. 9, 10) .
In figure 12 , two adjacent muscle fibers are shown, one of which has a neuromuscular junction and the ohter has not. The lead deposits were noticed in the extracellular space between two muscle fibers, in addition to the neuromuscular junction (Fig. 12) . In the muscle fiber having neuromuscular junction, heavy deposits of lead were visible in the L-system, whereas, in the other muscle fiber only a small amount of lead deposits were seen (Fig. 12) . In figure 13 , a part of muscle fiber with a neuromuscular junction are shown in low magnification. The amount of the lead deposits in the L-system showed a gradual decrease as the L-system became farther from the neuromuscular junction. These findings may su_ est the possibility that the lead deposits in the L-system come from the junctional folds through the connecting tubules.
After intramuscular injection of lanthanum nitrate, the lanthanum deposits were also detected in the synaptic clefts and the junctional folds (Figs. 14, 15) . The narrow tubules (about 200 A in diameter), arising from the bottom or the trunk of the junctional folds, were also found occasionally in the muscle fiber which received lanthanum ions, as seen in the muscle fiber which received lead ions (Fig. 16) . In contrast to the lead-injected muscle, no deposits of lanthanum ions were found in the L-system of the sarcoplasmic reticulum, while the lanthanum deposits were seen in the Tsystem (Figs. 15, 17) . The deposits of lanthanum were found in the T-system along the entire length of the muscle fibers (Figs. 15, 17 ), in contrast with the deposits of lead which were detected in restricted area near the neuromuscular junction.
As described above, the narrow tubules (termed the connecting tubules) arising from the junctional folds were easily found in the muscles after intramuscular injection of lead ions of lanthanum ions. However, in the control muscle, these narrow tubules were hard to detect. After a careful survey of many neuromuscular junctions, only few of the tubules (about 200 A in diameter) which have close contact with the junctional folds (Fig. 18) or show the continuation with the junctional fold (Fig. 19) , were visible.
Discussion
The present study showed that lead ions were deposited in the synaptic clefts and the junctional folds of the neuromuscular junction following intramuscular injection of lead nitrate. These findings are consistent with those of Csillik (1965) , but inconsistent with those of Zacks and Blumberg (1961) , who were unable to detect the lead deposits in both the synaptic clefts and junctional folds. It seems that the absence of lead deposits in the synaptic cleft and junctional fold, as reported in the latter paper, may be due to the poor penetration of lead ions into the neuromuscular junction, as they used immersion method instead of injection.
The connection between the T-system of the sarcoplasmic reticulum and the extracellular space has been demonstrated by use of ferritin (Huxley 1964) , fluorescent dye (Endo 1964) , peroxidase (Karnovsky 1965) , ruthenium red (Luft 1966) , and lanthanum (Rayns et al. 1968; Fahimi and Cotran 1971; Oguchi and Tsukagoshi 1980) as tracers, as well as by the embryological study (Ishikawa 1968 ). The present study confirmed this connection by use of lanthanum nitrate. The connection between the T-system and the junctional folds has also been shown with or without using lanthanum as a tracer (Zacks and Blumberg 1961) . In the present study, this connection was visible with the aid of lanthanum.
It is generally accepted that the L-system of the sarcoplasmic reticulum are not connected to the plasma membrane of the muscle fiber (Robertis et al. 1975 ). In the present study, however, the lead deposits were found in the L-system after intramuscular injection of lead ions. Furthermore, the study showed that the amount of the lead deposits in the L-system decreased gradually as the L-system become farther from the neuromuscular junction, and the lead deposits in the L-system were not seen at the position away from the neuromuscular junction. In addition to these results, the narrow tubules arising from the junctional folds appeared to be connected with the minute tubules distributed in the subjunctional sarcoplasm. These results strongly suggest that the L-system of the sarcoplasmic reticulum may be connected to the junctional folds through the narrow tubules termed 'connecting tubules'. This type of the connection has not been described so far. The reason why lead ions (divalent cation) penetrate into the L-system, while lanthanum ions (trivalent cation) do not into the L-system, is not understood yet.
It was difficult to find the connecting tubules in the control muscle, although there were easily found in the lead or lanthanum-injected muscle. The reason why the connecting tubules were hardly visible in the control muscle remains obscure. It would seem probable that the difficulty of demonstrating the connecting tubules in the control muscle may be partly due to the unusual lability of the connecting tubules in the fixation procedures , similarly to the unusual lability of the connecting portion of T-tubules with the plasma membrane during fixation (Huxley 1964 
The functional significance of the connection between the junctional folds and the L-systems is not clear , although the connection between the junctional folds and T-systems was previously suggested by Korneliussen (1977) to have a role activating the contractile apparatus nearest to the neuromuscular junction, in order to lessen the strain on the neuromuscular junction during contraction. Evans (1974) showed that there was a specific entry of calcium into the neuromuscular region of the muscle fiber which was caused by acetylcholine or carbacol. His results evoked a great interest in studying the functional role of the channel from the junctional folds to the sarcoplasmic reticulum as a route of the calcium entry into the muscle fiber. Further works along this line is now in progress. 
